Introduction
KiloHertz quasi-periodic oscillations (QPO) in low mass X-ray neutron star (NS) binaries (LMXB's) discovered by Rossi X-Ray Timing Explorer (Strohmayer et al. 1996 , van der Klis et al. 1996 made it possible to evaluate quantitatively the previously suggested beat-frequency model (Alpar & Shaham 1985) . Most of the nineteen sources with QPO have twin peaks in the kHz part of the spectrum (lower frequency marked by K and the higher one by h in the spectrum of the source Sco X-1 shown in Figure 1 ). Within the beat-frequency interpretation, the upper kHz QPO represents the Keplerian frequency (van der Klis et al. 1996) while the lower kHz QPO is produced by the beating of this frequency with the NS spin frequency, ν spin , which has been identified with the frequency of nearly coherent oscillations observed during bursts, ν burst or half that (Strohmayer et al. 1996 , Miller et al. 1998 ). According to Mendez & van der Klis (1999) , "if this interpretation is correct, ∆ν equals ν spin and should remain constant. The NS spin cannot change by ∼ 20% − 30% on time scales of days to months." For a number of sources it has been shown that ∆ν = ν h − ν K decreases systematically with ν K (van der Klis et al. 1997 , Markwardt, Strohmayer & Swank, 1999 , Mendez et al. 1998 , Mendez & van der Klis 1999 . These recent findings have undermined the beat-frequency model. The new (two-oscillator) model Titarchuk 1999a and Titarchuk and Osherovich 1999, hereafter OT99a and TO99, respectively) assumes that the lower frequency ν K is the Keplerian frequency. Following Titarchuk, Lapidus & Muslimov (1998 hereafter TLM), we assume a viscous transition layer in the NS disk (see Figure 1 ) which is bounded by the solid surface of the NS (the inner boundary) and by the first Keplerian orbit (the outer boundary). The adjustment of the Keplerian disk to the sub-Keplerian inner boundary creates conditions favorable for the formation of a hot blob at the outer boundary of the transition layer (TLM). When thrown out into the magnetosphere, the blob becomes a Keplerian oscillator under the influence of the Coriolis force with two modes: a) a radial mode with frequency
where Ω is the angular velocity of the rotating magnetosphere, and b) a mode perpendicular to the disk with frequency
where δ is the angle between Ω and the vector normal to the plane of the Keplerian oscillations (δ << 1). From the observed ν h and ν K , using (1), one finds Ω as a function of ν K and verifies the existence of the angle δ which satisfies equation (2) for all observed ν K and ν h . For Sco X-1, it was found that δ = 5.5 ± 0.5 o (OT99a). The second oscillator in the two-oscillator model has the frequency of viscous oscillations ν v for which the dependence of ν v on ν K is obtained through the dimensional analysis of the radial transport of the angular momentum in the transition layer controlled by a viscous force determined by the Reynold's number, which, in turn, is related to the mass accretion rate (TLM, TO99). The solution for ν v can be presented in the form
where f (ν K ) is a universal function for any NS and the constant C N reflects the properties of the specific source. The diffusive process in the transition layer is characterized by a break frequency ν b (see Figure 1 ) which is related to ν v by a power law (TO99):
For the source 4U 1728-34, the coefficient of proportionality is found to be 0.041 (TO99).
The angle δ, the constant C N and the profile of Ω determine the frequency range of ν L , ν v and ν b . Some of the QPOs have been described previously within the framework of the two-oscillator model (TO99). For the first time, we identify all predicted frequency branches and compare the inferred main physical parameters for two stars (section 2, 3 and 4). In section 5, we extend the comparison of the theoretical relation (4) with observed spectra from other atoll sources and Z-sources. The summary and discussion are presented in section 6.
Classification of QPOs in Sco X-1
The frequencies of the observed QPOs for Sco X-1 are plotted in Figure 2 as a function of ν K . From the observed ν h (upper hybrid frequency marked by asterisks in Figure 2 ) and ν K , the profile of Ω(ν K ) has been calculated and modeled using the theoretically inferred magnetic multipole structure of the differentially rotating magnetosphere (OT99a). The
resulting Ω profile is
where
Hz −1/3 , C 2 = 1.017 · 10 −5 Hz −5/3 and C 3 = −7.76 · 10 −10 Hz −3 have been obtained by the least-squares fit with χ 2 = 37.6/39 (OT99a). Using equation (5) for Ω, from formula (2) we have calculated ν L for different δ. The best fit to the data presented by open circles in Firstly, the observations for the two branches in the lower part of the spectra satisfy our theoretical relation (4), namely, ν b = 0.041ν
As a second test, we use the verification that the extra noise component has a frequency which satisfies the theoretically derived dependence of ν v on ν K . In formula (3), the universal function f (ν K ) obtained numerically from a solution for radial viscous oscillations at the outer edge of the transition region, in fact, can be approximated by a polynomial
where a 1 = 1.5033 · 10 −3 , a 2 = 1.2289 · 10 −6 Hz −1 , a 3 = 1.176 · 10 −8 Hz −2 and a 4 = 1.2289 · 10 −11 Hz −3 . The best fit for ν v (ε RL = 8.4%) presented in Figure 2 by a solid line (marked viscous) is found for C N = 9.76. The line for the related ν b with the observational points (marked by filled circles) closely matching the theory (ε RL = 13.9%) is also shown in Figure 2 . Notice that in vicinity of ν K ∼800 Hz the line for ν v crosses the line for ν L suggesting the possibility of interactions of two oscillators.
Classification of the QPOs in the Source 4U 1728-34
The classification of QPOs in the source 4U 1728-34 is presented in Figure 3 . The profile of Ω/2π has been modelled using observations for ν h (Mendez & van der Klis 1999) and formula (5) (2)]. On the other hand, for Sco X-1 the constant C N = 9.76 is greater than C N = 7.1 for source 4U 1728-34. Therefore, the frequency of viscous oscillations ν v and the related ν b are higher for Sco X-1 for the same ν K , as shown in Figures 2 and 3 . For the same Reynold's number, the greater C N implies a higher viscosity (TO99).
Relation Between the Break Frequencies ν b and Viscous Frequency ν v
The relation between ν b and ν v has been approximated by a power law (4) (TO99).
Recent observations of Wijnands & van der Klis (1999) make it possible to verify formula (4) for a number of atoll sources and Z-sources. In Figure 4 , the observed ν b are plotted vs. 
It is conceivable that the factor of 4 difference in the proportionality constant is due to the dominant role of different eigenmodes of the diffusive process for Z-sources in comparison with atoll sources. If this is the case, then relation (7) corresponds to the first mode and formula (4) represents the second mode of break frequency (see e.g. Titarchuk 1994 for the details of the diffusion theory). In general, the diffusion equation
where n is the integer number of the corresponding eigenmode. The overall ε RL including the Z-sources reduced points (closed circles) is 27%.
Summary and Discussion
In this Letter we have identified all predicted frequency branches for two stars. Their frequencies are compared favorably with the two-oscillator model. For the source 4U
1728-34, the angle δ is found (δ = 8.3 ± 1.0 o ). This is the third star for which δ has been inferred from QPO observations. For Sco X-1, δ = 5.5 ± 0.5 o (OT99a) and for source 4U
1702-42, δ = 3.9 ± 0.2 o (Osherovich & Titarchuk 1999b ). The predicted relation (4) 
